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(54) NITRILE FLUOROELASTOMER AND PROCESS FOR PRODUCING THE SAME 



(57) To provide a solid f luoroelastomer having nitrile 
group at the end which gives a crossllnked product be- 
ing excellent in heat resistance, solvent resistance, 
chemical resistance, compression set and cleanliness, 
and an economical process for preparation thereof. The 



process for preparing a nitrile group-containing fluoroe- 
lastomer by converting amide group contained in a pol- 
ymer molecular chain of a solid fluoroelastomer Into ni- 
trile group in the presence of a dehydrating agent. 
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Description 
TECHNICAL FIELD 



10 BACKGROUND ART 



u^^Ly'°^^^^T^'^ comprising a fluoromonomer unit as a recurring unit such as tetrafluoroethylene (TFE) are 

S ■ ^ '^"'ss'inked product having excelient heat resistance is obtained by firetly preparing a nitrile oroun 
ether) (CNVE) having nitrile group with TFE and perfluoro(aikvl vinvl ethert fPAVF^ «nH th.n 7 

[0005] The inventors of the present invention have made various studies with respect to conventional n trSe arun 
ZL Z ^^^"-"^-^ -^"-"^^ that a reason why sufficient properties were not ZZZZtTiS^Z 
tri e ™ ra?^^^^^ """"r TT'' °' ' T-^- the inventors have studTd trlduct on 

! u ""°~e'««tO'"er having nitrile group at the end could not be obtained 
DISCLOSURE OF INVENTION 

NC - (R,) - CN 

wherein R, is a divalent fluoroelastomer chain, is a novel fluoroelastomer 

SSJelt^i^X^rS^^^ """'""'"'"^^ ^ ^ ^ Perfluoroeiastomer chain of copolymer or teipo.mer 
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-f CFa - CFa-Js-fCFa - CF-Hr-f CFj - 

ORf* 




wherein m/(n + p) is 95 to 50/5 to 50, n/p is 0/100 to 100/0, m + n + p Is from 100 to 10,000, Rj^ is a perfluoroall<yl 
group having 1 to 8 carbon atoms, is - (CF2CFYO)qRf3, in which Rj^ is a perfluoroalltyl group having 1 to 6 carbon 
atoms. Y is fluorine atom or a triftuoromethyl group, q is an integer of 1 to 5, or 
a perfluoroelastomer chain of terpolymer or tetrapolymer represented by the formula (2): 



wherein 1/m/(n + p) is 95 to 35/0 to 30/5 to 35, n/p is 0/1 00 to 1 00/0, 1+m + n+ pis from 1 00 to 1 0,000, R,^ and Rf2 
are as defined above. 

[001 2] The fluoroelastomer composition particularly comprising a solid nitrile group-containing fluoroelastomer hav- 
ing nitrile groups at ends in the number of more than 1/2 of a total number of end groups of molecular chains of the 
fluoroelastomer provides a crosslinked product having excellent properties. 

[0013] Further the present Invention relates to the process for preparing an amide group-containing fluoroelastomer 

which is a starting substance for the above-mentioned reaction for converting into nitrile group, by reacting a solid 
fluoroelastomer having ester group in a molecular chain thereof, particularly at the end of the molecular chain with 
ammonia or aqueous ammonia. 

[0014] Further the present invention relates to a solid amide group-containing fluoroelastomer having amide groups 
at both ends and represented by the formula (II): 



wherein Rf is a divalent fluoroelastomer chain. 

[001 5] Also the present invention relates to a novel process for synthesis of a nitrile compound which is represented 
by the fomriula (IV): 



wherein R is a monovalent organic group, and is prepared by dehydrating an amide compound represented by the 
formula (til): 



wherein R is as defined above, in the presence of COFg. It is advantageous to use COF2 as the dehydrating agent for 
such a reaction for converting into nitrile group, from the viewpoint of yield, low boiling point and easy removal of un> 
reacted gas after the reaction. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0016] Firstly the present invention relates to the process for preparing a nitrile group-containing fluoroelastomer by 
converting amide group contained in a polymer molecular chain of a solid fluoroelastomer into nitrile group in the 
presence of a dehydrating agent. 

[0017] A fluoropolymer which is a starting material in the process for preparing the nitrile group-containing fluoroe- 
lastomer of the present invention is firstly (1 ) in the fonn of solid. This means that a liquid fluorooil which is described 




H2NOC - (R^) - CONH2 



R-CN 



R - CONH2 
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that Ihs amia. groups mm be orLmTn «,. iTT ?L ' " °' "I"!" » Is a mall.r ot come 

atoms, Y is fluorine atom or a trifluorUethyl g^ q ?sln nteSer oM o 5 ^^^'^^ ' t° « 'carbon 

apert,uoroe.astomercHainof.e^o.ymerortlp:';,er"?i^^^^^^ 



-f CF2 - CF^-h-fCF^ - ^F-fe-f CF2 - CF Vf CF^ - CFij 

ORf= 



CF3 il^l ^r>2 



Wherein 1/m/(n + p) Is 95 to 35/0 to 30/5 to 35, n/p is 0/1 00 to 1 00/0 1 * m ^ n • , . 

are as defined above, a non^erfluoroelastomer chain such L ' * ^ " * ^ ^""^ ^ °° '° ^ 0.000. R,i and ly 

a fiuoroelastomer chain of copolymer represented by the fomiula (3): 



40 HCH2 - CFa-Jgj-^CFa - CF^ 



F3 



45 



wherein m/n is 85 to 60/15 to 40, m + n is from 100 to 10 000 
a fiuoroelastomer chain of terpolymer represented by the'fom^ula (4): 

-f CH2 - CF2-)r-tCF2 - CF2-)s-(CF2 - CF% 

. i: 



n 
F, 



55 



Wherein 1 /rn/n is B5 to 20/0 to 40/1 5 to 40. 1 + m + n Is from 1 00 to 1 0 000 

a fiuoroelastomer chain of terpolymer or tetrapolymer represented by the Lula (5): 
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CFj, - CF2-h-e - CF2 - CP Vf CF2 - <j;F^ 

or/ ORf^ 

wherein 1/m/(n + p) is 95 to 45/0 to 1 0/5 to 45, n/p is 0/100 to 100/0, 1 + m + n + p is from 1 00 to 1 0,000, Hf^ and 
10 are as defined above, Z\ and are fluorine atom or hydrogen atom individuaiiy, or 
a f luoroelastomer chain of terpolymer or tetrapoiymer represented by: 



15 




20 Wherein 1/m = 20/80 to 80/20, 1 -i- m = 1 00 to 1 0,000, 



-fCHa-CHajri-CFaCF^ 



wherein 1/m = 80/20 to 50/50, 1 + m = 100 to 10,000, or 

-f CHa - CHa-h-t CFaCFais-e CFaCFij-e CFa - CFij 

Wherein 1/m/(n + p) is 85 to 5/5 to 85/1 0 to 40, n/p is 0/1 00 to 1 00/0, 1 + m + n + p Is from 1 00 to 1 0,000, R^^ and Rf2 
are as defined above, and the like. 

[0020] With respect to the non-perfluoroelastomer chain, conversion into nitrile group may be carried out after fluor- 
40 (nation of the non-perfluoroelastomer chain with a fluorine gas or the like. 

[0021] The end group of those f luoroelastomer chains Rf and/or amide group being present as a pendant are con- 
verted to nitrile group in the presence of a dehydrating agent. 

[0022] It is preferable that the dehydrating agent is in the form of gas or liquid because the elastomer Is in the form 
of solid. Examples of the dehydrating agent in the fomi of gas are, for instance, COF2, COCI2, SO3, and the like. 
45 Particularly COF2 is preferable from the viewpoint of good yield, relatively moderate reaction conditions and easy 
treatment. Use of COF2 as a dehydrating agent for converting amide group into nitrile group, i.e. nitrilation of amide 
group has novelty. 

[0023] Examples of the dehydrating agent In the form of liquid are, for instance, acetic anhydride, trifluoroacetic 
anhydride, CIC02C2H5, and the like. Particulariy trifluoroacetic anhydride is preferable from the viewpoint of a yield. 
50 As case demands, an acid acceptor such as pyridine, triethylamine, or the like may be used together with those de- 
hydrating agents. 

[0024] The reaction for converting amide group into nitrile group advances at a temperature of -20''C to 200''C. It is 
preferable to carry out the reaction under heating, particularly at a temperature of SO^C to 150**C from the viewpoint 
of a good yield and a short reaction time. The reaction pressure is from atmospheric pressure to 5 IVIPaG, preferably 
55 1 to 2 MPaG. The reaction time is usually from about 10 hours to about 90 hours. The reaction can be carried out in 
the presence or absence of a solvent. When the solvent is used, for example, a fluorine-containing solvent (for example, 
FLORINATE (registered trademark) series available from SUMITOMO 3M LIMITED), and the like can be used. 
[0025] Further the present invention relates to the process for preparing the amide group-containing fluoroelastomer 
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of general-purpose initiators, for example. ammonTm peSiZe ^t, ' '"'tiator. A lot 

camoxyl groups by acid treatment to be carried oXhTcoiSinTar^^^^^^ ^^'^to 
lastomer having cart,oxyl groups at ends. A usual mXd wS 2n b?nn . T^''' ^"'"^ ^ ""°«>e- 

groups into amide groups suitable for nitrilatton of the presenUnlenrn t Z T^ ''«*°'«yl 
<nto an ammonium salt with ammonia and then "6^00 ^dZH r J"^'^"^ """^t'yfomiing the carboxyl group 
actually, it was found that ammonia was evaporatSbv eaS^^^^ However when this method was candled out 
to cart,oxyl group. As a result, the —rsTrpresenSln h^^^^^ --««<1 
group-containing fluoroelastomer, the carboxyi grouTin be ctnrrr ! V"""*^ '^^^ °' « carboxyl 

out esterification of the carboxyl group and ?1 Zct^a it tfth «mm T ""^^^'^^'^ "'^ -carrying 

asinthellquidfluorooildescribedTntheabovereroSpoCeT^^^^ 

fluoroelastomer is also a novel elastomer Polymer Journal. The obtained solid amide group-containing 

iSoSsrs^irsir^^^^^ 

monia or aqueous ammonia ^ ^ "molecular chain, particularly at the end of the molecular chain wiS am 
[0028] The reaction conditions which can be used are mentioned below. 

(1) Reaction temperature: 

-20'C to 200°C, preferably ordinary temperature to 100«C 

(2) Reaction pressure: 

Nomial pressure to 2 MPaG. preferabV 0.1 to 0,5 MPaG 
frpni— eTa^hrrr^^^^^^^ 

a method of converting into an acid chloride with thionyfch 0 r h "^-^ ^'^'^""^ °' ^^'^ «=«'a'yst, 

[0030] Examples of the alcohol to be used fo the estSon ? °^ ''^^ "^^ '^^'^'d 

2-propanol. and the like. Particularly methanol is prefel|e ^^^^^^ "^^"^^""l. ^thanol. Lpropanol. 

[0031] As mentioned above, it is Jnown tha 7'°'"' °' ^^^^''^^VV'^"^ and economy 
a nltrile group-containing fiuoromonomer toTu fdSe i C^^^^^^^ m '^''"^ °' ' ""oroelastomer. However 

Uop^ovSSne:^^^^^^^^^^^^ 

and after carrying out esterification of thtcSxJlTZT^^^^^^^^^^ 9-"P - - P-^ant 

into nitrile group. 9'*'"P ^ nnentioned above to form into amide group converting 

P^J^Bxamples Of thecarbox. group-containing fluo.^^^^^^^ 

CF2=CF[OCF2CF(CF3)]„O(CF2)„C00H (n=1 to 2. m=1 to 4). 
CF2=CF(CF2)„COOH(n=1to5), 
CF2=CFO(CF2)„OCF(CF3)COOH (n=2 to 5). 
CF2=CFIOCF2CF{CF3)]„COOH (n=1 to 10), 

CF,=CFO -f CF,i;,-^cOOH (n=l to 6), 
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CH2=CH(CF2)„COOH (n=1 to 10), and the like. 

From the viewpoint of good copoiymerizabiiity and crosslinkabillty, particuiarly CF2=CFOCF2CF(CF3)OCF2CF2COOH 
5 Is preferable. 

[0034] Also the perfluoroelastomer can be prepared from the non-perfluoroelastomer by fluorinating the non-per- 
fluoromonomer with a fluorine gas, or the like and then carrying out the nitrilation because if the non-perfluoromonomer 
is fiuorinated after the nitrilation, nitrile group is ftuorinated. 

[0035] As mentioned above, the method of converting amide group into nitrile group in the presence of COF2 which 
10 is a dehydrating agent is a novel method. This reaction is not a reaction inherent to the amide group-containing fluor- 
oelastomer and can be applied to the nitrilation reaction of general amide compounds including low molecular weight 
compounds. 

[0036] Therefore the present Invention further relates to the process for synthesis of the nitrile compound represented 
by the formula (IV): 

IS 

R-CN 

wherein R is a monovalent organic group, by dehydrating the amide compound represented by the formula (III): 

20 

R - CONH2 

wherein R is as defined above, in the presence of COFg. 
25 [0037] Examples of the monovalent organic group represented by R are various organic groups such as f luoroelas- 

tomer chains having a residue of polymerization initiator or chain transfer agent or a group derived therefrom at one 

end thereof, a linear or branched hydrocarbon group which has 1 to 20 carbon atoms and may be substituted by one 

or more halogen atoms, CF3CONH2, CH3CONH2. CgFgCONHg, C2H5CONH2, CeHnCONHg, C6H5CONH2 and . 

C7H15CONH2. Also the process can be applied to a liquid fluorooil mainly comprising a fluoroether unit which is de- 
30 scribed in the above-mentioned Polymer Journal. 

[0038] The reaction conditions for the synthesis may be the same as in the above-mentioned nitrilation reaction of 

the solid fluoroelastomer. 

[0039] In the present invention, a principal object of Introducing nitrile group is, as mentioned above, to use the nitrile 
group as a cure site of the solid fluoroelastomer. Particularly by introducing nitrile group into at least one end group, 
35 preferably into the both end groups, mechanbal properties, heat resistance and compression set of a crossllnked 
product can be enhanced. 

[0040] In the present invention, It is ideal to carry out the nitrilation perfectly. However in order to enhance charac- 
teristics of the elastomer, the number of nitrile groups may be more than 1/2 of the total number of end groups of the " 
obtained fluoroelastomer, preferably 70 % or more, particularty preferably 90 % or more. Namely the fluoroelastomer 
40 may contain at least one fluoroelastomer chain having nitrile groups at its both ends. It Is preferable that the remaining 
cure sites may be carboxyl group, ester group or amide group. 

[0041] The present Invention further relates to the fluoroelastomer composition comprising the above-mentioned 

nitrile group-containing fluoroelastomer. It is preferable that a crosslinking agent is contained in the composition. 
[0042] The nitrile group-containing fluoroelastomer of the present invention can be crosslinked by triazine crosslink- 
's ing, oxazole crosslinking, thiazole crosslinking, imidazole crosslinking, and the like. Particularly oxazole crosslinking 
is preferable from the viewpoint of good compression set, heat resistance and economy. 

[0043] Examples of the crosslinking agent which can be used are organotin compounds such as tetraphenyltin and 

triphenyltin hydride for the triazine crosslinking; bisamlnophenols such as bisaminophenol AF for the oxazole crosslink- 
ing; bisaminothiophenols such as bisamtnothiophenol for the thiazole crosslinking; tetraamines such as bis{1 ,2-phe- 
50 nylenediamlne) and 2,2-bis(3,4-diaminophenyl)hexafluoropropane for the imidazole crosslinking; and the like. 

[0044] Crosslinked products obtained from the fluoroelastomer of the present invention are excellent In heat resist- 
ance, chemical resistance, physical properties in nonnal state, compression set, plasma resistance, cleanliness, and 
the like, and can exhibit very excellent characteristics as various materials for sealing members, gaskets, hoses and 
rolls. 

55 [0045] The present Invention is then explained by means of examples, but is not limited thereto. 
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EXAMPLE 1 



(1) Synthesis of polymer having end carboxyl group 
■ tOO«I A 6.000-0,1 stainless steel autoclave having no .gnl«on souo. was charged wfth 2.340 ml o, pure water. 23.4 

^^3 CF3 
C3F7OCFCF2OCFCOONH4 

t^etKSrhSg^^^^^ 

at 600 rpm. Then p6rfluoro(methyl vinyl ether) m\^E7^.^^Z^T' . . ""^^ "^^^^^ "P ^° stirring 
(3.0 kgf/cm^G) in a gauge pre J.rral fuIi^SlZor^^^^^^ ^'^^"'^ °-3 ^P^G 

became 0.4 MPaG (4 1 kgt/ZS^^ne' 2 3a7^^^^^^ '''^ '"«ide pressure 

duced With a pressurizeditrrgei gai to Ste a reaZ " 

After that, lowering Sf the pre^^ri to o 3?S?aG « ^^^^^^ '° '^''^^ (^-^ kgf/cm^G). 

the pressure were repeated. ' <^W'^) ana Introduction of PMVE and TFE for recovering 

[0048] At the time when a total amount of TFE and PMVE reached J>1 n n c»won ^ 

izaticn, the autoclave was cooled and un-reacted monomfr w!^ f» «fter starting of the polymer- 

having a solid content of 8.0 % by ZgtH ^^^""^ '° ^'^^^ 9 °' dispersion 

Ka<,?e^°us^;ronr3°5T^^^^^^ 

for five minutes, and a precipftati prSwas^^^^^^^^^^ ThlT- h "'i ^"^""^ 

141b, followed by stirring for five minutesld filt S <f '^'"fPolymer was further added to 2 kg of HCFC- 

filtratingoffwererepeatLfo niZ olw^^^^^^^ 

[00501 AS a result'of -F-NMR analy2 ZtelTTFE^^^^^^ '° ^''^^ ^ °' P^^^-- 

% by mole, respectively. P"'^^^'' 58.6 % by mole and 41 .4 

(2) Esterification of polymer having end carboxyl group 

t^p Ver^tprdTnT^^^^^^^^^^^^ ^ ^^""^ ^""^ ^^'^ ^ - 
to room temperature. A^^iltration Of rhe e'a^^S^^o^^^^^^ 

was carried out for 10 minutes After the washinrbr.hlkl . ,k ^''^^^ ^"^ *«sf""9 by shaking 

ou, at 100'C for3 hour, to gle 130 g of rX'e LvTn S ' ^^""""^ '^^'"^ 

of carboxyl group. A converifon of the esteSJS; o le oo vm!r h" ' f '^'^'"^ methyl-esteriflcatlon 

wasca.ulatedfromlBabsorbancera«oof.C^:r(ia^^^^^^^ 

(3) Amidatlon of polymer having end ester group 

Swa:;:^a'rer?2^^^^^^^^^^ 

ammonia gas. After the leaction w^s cZld n 1^ "P *° ""^ ^O-C witS 

by vacuum drying at 150°C for three hours to oive 130 o m J nJ. ^ ' '^™'"'"9 was exhausted, followed 
the amidation to the polymer haTnq amSe arouo TZlT^L^.T^ ^^"P ^"''^ end. A conversion of 
rat.ofca*ony.grou;(Uc^T)l^rrup?eS^^^^^^^^^ 

(4) Nrtrliation of the polymer having end amide group 
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vacuum drying at ordinary temperature for 20 hours and then vacuum drying at 80^*0 for 26 hours to give 130 g of a 
polymer. According to IR analysis of the obtained polymer, an absorption of nitrile group was recognized at 2,265 cm*^ . 
A conversion of the nitrilation of the polymer was 84.0 % which was calculated from IR absorbance ratio of carbonyl 
group (1 ,752 cm'^) in amide group before and after the reaction. 

5 

EXAMPLE 2 

(1) Synthesis of polymer having carboxyl group at an end and side chain 

10 [0054] A 3,000-mi stainless steel autoclave having no ignition source was charged with 1 ,000 ml of pure water, 10 
gof : 



CF3 CF3 
C3F7OCFCP2OCFCOONH4 



20 as an emulsifying agent and 0.09 g of disodium hydrogen phosphate- 1 2H2O as a pH control agent, and after replacing 
the inside of the system with nitrogen gas sufficiently for deaeration, the autoclave was heated up to 50°C with stirring 
at 600 rpm. Then a gas mixture of tetrafluoroethylene (TFE) and perfluoro{methyl vinyl ether) (PMVE) (TFE/ 
PMVE=25/76 in mole ratio) was introduced so that the inside pressure became 0.8 MPaG (8.0 kgf/cm^G). Then 10 ml 
of an aqueous solution of ammonium persulfate (APS) having a concentration of 527 mg/ml was introduced with a 

25 pressurized nitrogen gas to initiate a reaction. 

[0055] When the inside pressure was lowered to 0.7 MPaG (7.0 kgf/cm^G) with advance of the polymerization, 3.78 
g of CF2=CFOCF2CF(CF3)OCF2CF2COOH (CBVE) was introduced with a pressurized nitrogen gas. Then 4.7 g of 
TFE and 5.3 g of PMVE were introduced with the respective self pressures so that the Inside pressure became 0.8 
MPaG (8.0 kgf/cm^G). After that, with advance of the reaction, TFE and PMVE were introduced under pressure in the 

30 same manner, and increasing and lowering of the Inside pressure were repeated between 0.7 MPaG (7 kgf/cm^G) and 
0.8 MPaG (8 kgf/cm^G). At the time when a total amount of TFE and PMVE reached 80 g 4.2 hours after starting of 
the polymerization, the autoclave was cooled and un-reacted monomer was released to give 1,091 g of an aqueous 
dispersion having a solid content of 7.5 % by weight. 

[0056] 1 .000 Grams of the obtained aqueous dispersion was diluted with 3,000 g of water, followed by slowly adding 
3S to 2,800 g of an aqueous solution of 3.5 % by weight of hydrochloric acid with stirring. After the addition, stirring was 
continued for five minutes, and a precipitated product was filtrated off. The obtained polymer was further added to 800 
g of HCFC-141 b, followed by stirring for five minutes and filtrating off again. After that, the steps of washing with HGFC- 
141b and filtrating off were repeated four times, followed by vacuum drying at 120''C for 72 hours to give 72 g of a 
polymer having carboxyl group at the end and side chain. 
40 [0057] As a result of ^^F-NMR analysis, monomer units of the polymer were TFE/PMVE/CBVE=57.3/41 .8/0.9 in % 
by mole. 

[0058] According to infrared spectroscopic analysis, a characteristic absorption of carboxyl group was recognized 
around 1,774.9 cm'^ and a characteristic absorption of OH group was recognized around 3,557.0 cm^^ and around 
3,087.7 cm-^ . 

45 

(2) Esterif ication of polymer having carboxyl group at an end and side chain 

[0059] A 500-ml four-necked flask equipped with a stirrer, thenmometer and reflux tube was charged with 130 g of 
the polymer prepared in (1) above, 200 ml of methanol and 2 ml of sulfuric acid, and after 15-hour refluxing, was cooled 

50 to room temperature. After filtration of the reaction solution, 30 ml of methanol was added and washing by shaking 
was carried out for 1 0 minutes. After the washing by shaking with methanol three times, vacuum drying was carried 
out at 100"C for 3 hours to give 130 g of a polymer having, at the end and side chain, ester group obtained by methyl- 
esterlf ication of caboxyl group. A conversion of the esterif ication to the polymer having ester group at the end and side 
chain was 95.8 % which was calculated from IR absorbance ratio of carbonyl group in carboxyl group before and after 

S5 the reaction. 
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(3) Amidation of polymer having ester group at ar, end and side chain 

wjh ammonia gas. After the reaction was conti ueZ?hm s^e w J^S^^^^ '° °^ ^''^'^ 6°°^ 
followed by vacuum during atlSO-Cforthreehou^to 117^^^^^^ 
Cham. A conversion of the amidation to the polymer S amiL^l^^^^^^ 
wascalcuiatedfromlRabsorbanceratioof^LV^SuTr;^^^^^^^ 

(4) Nttrilation of polymer having amide group at an end and side chain 

iSd iTchird'pC^d^JS ZtZZ::r' ^ °' ^^^^^ '^-'-^ -'^^^ gmup at the 

100«c With COF, Aftert^eJeacMonwistl 'ed^^^^^^^^^^^^^ 

by vacuum drying at ordinal, temperature for 20 houranSen i^^^^^^^^ 

a polymer having nitrite group at the end and sWp a ""^'"^ f*"" 26 hours to give 130 q of 

group at the end and side chain was 83.4 % whfch wis catSSZ °' ""'^"^^^ '^'"9 

amide group before and afterthe reaction. calculated from IR absorbance ratio of carbonyl group in the 



20 EXAMPLE 3 



S^bsequentlytheinsidepressure'ofthebo^iaS^^^^^^^^^^ 
2* at room temperature. 24 Hours after, a remaining g^wL exSausLd anL t ' reaction was continued 

% aqueous solution of NaHCOa to a neutral levefto separatTSto t^o „h"? '^"^ with 10 

oily substance was obtained. According to gas chromatoqraDhv rr 'owerphase, 0.71 gof yellow 

product.onofC.,3C.wasrecogni.ed.Apu?.oftherd^rur?-^^^^^ 
INDUSTRIAL APPLICABILITY 

0^1 '^^Ti::':^^::^^^^^^ - group functioning as a 

a fluoroelastomer are excei.em pardculariXhea rSa^ce soE r! • T"'""''" 

set cleanliness, and the illce. andean exhibit ver/eSlncha^^^^^^^^^ «*"'Pression 
gaskets, hoses and roils in the fields of semi-coLTtororduc^^^^^^^^ T '"^'""ers, 
a-rcraft rocket and vessel, chemical industries such afcES oZ^ h T""""''''" ^ar 
as developing machine, printing machine and coafing ^acSs ^'^'^''^ machinery suct^ 



Claims 



3. The preparation process of Claim 2. wherein the dehydrating agent is COF^. 

4. A nitrlle group-containing fluoroelastomer which ifi in th«f . .... 

resented by the fomiula (I): ■°'"^^""''<=h is m the fom, of soIkI. has nitrite groups at both ends and Is rep- 



NC - (R,) . CN 

wherein R, is a divatent fluoroetestomer chain. 
5. The nitriie group-containing fluoroelastomer of Claim 4 
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wherein the fiuoroelastomer chain Rf Is a perfluoroelastomer chain of a copolymer or terpolymer represented by 
thefonnula (1): 

ORf^ ORf^ 

10 

wherein nn/{n + p) is 95 to 50/5 to 50, n/p is 0/1 00 to 1 00/0, m + n + p Is from 1 00 to 1 0,000, is a perf luoroalkyi 
group having 1 to 8 carbon atoms, is -{CF2CFYO)qRf3, in which is a perfluoroalkyl group having 1 to 6 
carbon atoms, Y is fluorine atom or trifluoromethyl group, q Is an integer of 1 to 5, or 
IS a perfluoroelastomer chain of a terpolymer or tetrapolymer represented by the fonnula (2): 



-i CFa - CFsir-f CF2 - CFj^ CF^ - CF-hr-f CF2 - CF^ 

CF3 ORf^ ORf^ 



wherein 1/m/(n + p) is 95 to 35/0 to 30/5 to 35, n/p is 0/100 to 100/0, 1 + m + n + p Is from 100 to 10,000, R^^ and 
25 Rj2 are as defined above. 

6. A fiuoroelastomer composition comprising a solid nitrile group-containing fiuoroelastomer which has end nitrite 
groups in the number of more than 1/2 of the total number of end groups of molecular chains of the fiuoroelastomer. , 

30 7. A process for preparing a fiuoroelastomer having amide group by reacting a solid fiuoroelastomer having ester 
group in a polymer molecular chain with ammonia or aqueous ammonia to convert the ester group into the amide 
group. 

8. The preparation process of Claim 7, wherein the solid fiuoroelastomer having ester group in a molecular chain is 
35 a fiuoroelastomer having ester group at the end of the molecular chain. 

9. An amide group-containing fiuoroelastomer which is In the form of solid, has amide groups at both ends and is 
represented by the fomnuia (II): 

HgNOC - (Rf) - CONHg 

wherein Rf is a divalent fiuoroelastomer chain. 

45 10. The amide group-containing fiuoroelastomer of Claim 9, wherein the fiuoroelastomer chain Rf is a perfluoroelas- 
tomer chain of a copolymer or terpolymer represented by the formula (1): 



-iCF2 - CF2-hn-+CF2 - CF-V-(-CF2 - CF^ 

55 wherein m/(n + p) is 95 to 50/5 to 50, n/p is 0/1 00 to 1 00/0, m + n + p is from 1 00 to 1 0,000, Rf^ is a perfluoroalkyl 

group having 1 to 8 carbon atoms, Rf2 Is -(CF2CFYO)qRf3, In which Rf^ is a perfluoroalkyl group having 1 to 6 
carbon atoms, Y Is fluorine atom or trifluoromethyl group, q is an integer of 1 to 5, or 
a perfluoroelastomer chain of a terpolymer or tetrapolymer represented by the fonnula (2): 
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-f CF, - CF,ir-t CP, - CF^ CF, - CF^ CP, - CF^ 

CF3 0^1 lj^2 

11. A process for preparing a nitrile compound represented by the formula (IV): 

R-CN 

Wherein R Is a monovalent organic group, by dehydrating an amide compound represented by the fomiula (III): 

R - CONH2 

wherein R Is as defined above, in the presence of COFg. 
12. A dehydrating agent comprteing COF, for conversion Into nitrile group of an amide compound. 
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